® 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 403 094 

A2 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 90305662.0 


© intClAGOtM 11/00 


© Date of filing: 24.05.90 




® Priority: 12.06.89 JP 146897/89 


Kawasaki-shi, Kanagawa-ken(JP) 


inventor: Horiuchi, Yukio 


© Date of publication of application: 


1-114, 19-42 Sodegahama 


19.12.90 Bulletin 90/51 


Hiratsuka-shi Kanagawa-ken(JP) 




Inventor: Ryu, Shiro 


® Designated Contracting States: 


1-113-16 Suwazaka, Tsurumi-ku 


FRGB 


Yokohama-shi, Kanagawa-Ken(JP) 




Inventor: Mochizuki, Kiyofumi 


© Applicant KOKUSAI DENSHIN DENWA CO., 


43-4 Kitanodai 3-chome 


LTD 


Hachioji-shi, Tokyo(JP) 


3-2, Nishishinjuku 2-chome 




Shinjuku-ku Tokyo 163(JP) 


© Representative: Carter, Gerald et al 




@ Inventor: Wakabayashi, Hiroharu 


Arthur R. Davies & Co. 27 Imperial Square 


35-3, Minamiikuta 6-chome, Tama-ku 


Cheltenham, Gloucestershire GL50 1RQ(GB) 



© Method of measuring backscattered light, and device for same measuring. 



©^Device for measuring backscattered light L1B 
comprises a pulse generator 1 for producing a pulse 
P at a predetermined period T; a frequency modu- 
lation circuit 14 for performing frequency modulation 
on a measuring light signal L1 from a light source 1 3 
in accordance with the predetermined period; an 
optical combiner 15 by which the backscattered light 
L1B generated when the measuring light signal L1 
which is a continuous wave signal subjected to the 
frequency modulation is transmitted in an optical 
fiber 4 is combined with the measuring light signal 
L1 subjected to the frequency modulation; an optical 
receiver 5 for performing an optical heterodyne de- 
C^tection on light L5 generated as a result of the 
^combination; a band pass filter 12 for processing a 



beat signal E0 obtained through the detection 
means; and an envelope detector 16 for taking out 
the envelope of the' beat signal E1 sent out for the 
filter 12. 

In method of measuring the backscattered light 
L1B, the measuring light signal L1 oscillating con- 
tinuously and subjected to. the frequency modulation 
at the predeteremined period T is entered into the 
optical fiber 4 at the entering end thereof; the back- 
scattered light L1 B generated in the fiber 4 and the 
measuring light signal L1 subjected to the frequency 
modulation are subjected to the optical heterodyne 
detection;' and the beat signal E0 obtained through 
the detection is processed through the filter 12 and 
then measured. 
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The present invention relates to a method of 
measuring backscattered light generated in an op- 
tical fiber by entering a measuring light signal into 
the fiber, and also relates to a device for the 
measuring. 

When backscattered light generated due to 
Rayieigh scattering in an optical fiber at the time of 
entering of a light signal such as a light pulse into 
the optical fiber at the entering end thereof and 
coming rearward to the entering end is observed, it 
turns out that the intensity of the backscattered 
light is proportional to that of the light signal trans- 
mitted at the point of the occurrence of the 
Rayieigh scattering. For that reason, the distribution 
of the intensity of the transmitted light signal in the 
optical fiber in the longitudinal direction thereof or 
the distribution of the optical transmission loss of 
the signal in the fiber in the longitudinal direction 
thereof can be determined by measuring the inten- 
sity of the backscattered light with the lapse of the 
time. A conventional method of measuring the in- 
tensity of the backscattered light is the most effec- 
tive way to determine the distribution of the optical 
transmission loss in the fiber, and is an indispen- 
sable art of searching for the point of a trouble in 
the fiber. However, since the intensity of the back- 
scattered light coming rearward to the entering end 
of the optical fiber is very low, heightening the 
intensity of the light signal to be entered into the 
fiber, reducing the energy loss in an optical system 
quick averaging and so forth need to be done in 
order to improve the ratio of the backscattered light 
to noise in the measurement. 

FIG. 3 is a block diagram of the conventional 
method of measuring the intensity of the backscat- 
tered light by using a light pulse. FIGS. 4(a), 4(b), 
4(c) and 4(d) are graphs showing the wave forms 
of signals at points a, b, c and d shown in FIG. 3 
FIG. 3 shows a pulse generator 1 , a light source 2 
such as a semiconductor laser diode, an optical 
directional coupler 3, the optical fiber under test 4, 
a optical receiver 5, an averaging circuit 6, and a 
display circuit 7. The pulse generator 1 produces a 
single pulse signal P whose repetition period T is 
conditioned as T > 2 t/v wherein I and v denote 
the length of the optical fiber 4 and the speed of 
the transmission of the entered light signal L in the 
fiber, respectively. The repetition p eriod T is long- 
er than two times of the time which it takes for the 
light signal L to be transmitted through the optical 
fiber 4. The pulse time width W of the single pulse 
signal P is shown in FIG. 4(a) and conditioned as 
W = 2/v wherein d denotes a prescribed measure- 
ment distance resolution. The light source 2 emits 
the light signal L of optional wavelength. The op- 
tical directional coupler 3 functions so that the light 
signal L emitted from the light source 2 and modu- 
lated in intensity as shown in FIG. 4(b) is entered 



into the optical fiber 4 and the backscattered light 
LB generated in the fiber and shown in FIG. 4(c) is 
taken out therefrom to a side different from that for 
the light source 2. The optical receiver 5 receives 

5 the backscattered light LB from the coupler 3 and 
converts the light into an electric signal EB shown 
in FIG. 4(d): The averaging circuit 6 includes a 
high-speed A/D converter and a memory. The dis- 
play circuit 7 is for showing a signal EA generated 

70 as a result of the averaging performed by the 
circuit 6. 

When the light signal L modulated in intensity 
by the single pulse signal P is entered into the 
optical fiber 4 through the optical directional cou- 

75 pier 3, the light undergoes the Fteyleigh scattering 
while being transmitted in the fiber, so that the 
backscattered light LB is generated. The backscat- 
tered light LB coming rearward to the entering end 
of the optical fiber 4 is taken out therefrom by the 

20 coupler 3 and then converted into electric signal 
EB by the optical receiver 5. The electric signal EB 
generated by the optical receiver 5 and corre- 
sponding to the intensity of the backscattered light 
LB is quantized by the high-speed A'D converter of 

25 the averaging circuit 6. A quantized signal sent out 
from the A/D converter is subjected to synchronous 
addition in the time region of the memory as the 
pulse signal P from the pulse generator is used as 
a trigger, so that the averaging is performed on the 

30 quantized signal. The intensities of averaged sig- 
nals EA thus stored in the time region of the 
memory are sequentially shown by the display 
circuit 7 in such a manner that an x-axis indicates 
the length of the optical fiber 4. The distribution of 

35 the optical transmission loss in the optical fiber 4 in 
the longitudinal direction thereof can thus be in- 
dicated by the intensities shown by the display 
circuit 7. 

When the conventional method is practiced for 

40 an optical communication system or an optical two- 
way communication system, which employs an op- 
tical amplifier such as a semiconductor laser am- 
plifier, an optical fiber Raman amplifier and an 
optical fiber laser amplifier, not only the backscat- 

45 tered light LB generated by entering the measuring 
light signal into the optical fiber 4 is received by 
the optical receiver 5 but also communication light 
or noise light from the amplifier is received as 
background noise light by the receiver so that the 

50 ratio of the backscattered light to the other light as 
background noise light is very much lowered or the 
measurement of the backscattered light is made 
impossible. The measurement of the intensity of 
the backscattered light LB is so different, due to 

55 other backscattered light generated from the com- 
munication signal light in the optical communication 
system, the optical two-way communication sys- 
tem, a norepeater optical communication system or 
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the like, that the distribution of the optica! transmis- 
sion loss in the optical fiber of the system cannot 
be monitored during the service thereof. Although it 
is conceivable that a optical narrow band-pass-filter 
for taking out only the backscattered light LB to be 
measured is provided in the optical system so as 
to function as a means for eliminating the influence 
of the background noise light on the measurement, 
there is a problem that the insertion loss in the 
system is increased due to the presence of the 
optical filter to lower the ratio of the backscattered 
light to the noise light. A method in which the 
background noise light is reduced by the optical 
heterodyne detection of the beat signal of the mea- 
suring light signal L and local oscillation light signal 
which is for the detection has been already pro- 
posed. 

FIG. 5 is a block diagram of another conven- 
tional method of measuring the backscattered light 
through such optical heterodyne detection. In the 
method, a light singal L10 of optical frequency fO is 
emitted from a light source 2 and separated by an 
optical divider 8 so that a separated light signal 
L11 is sent to an acousto-opticai modulator 9 for 
frequency modulation and another separated light 
signal L12 is sent to an optical combiner 10 for a 
local oscillation light signal. The light signal L11 
applied as a measuring light signal to the acousto- 
opticai modulator 9 is subjected to the frequency 
modulation by the acoustic optical effect of the 
unit, which is based on an electric sine-wave signal 
S of frequency Af, which is generated by a drive 
circuit 11. As a result, the light signal L11 is con- 
verted into a light signal of frequency fO + Af. The 
frequency modulation based on the electric sine- 
wave signal S is restricted by a pulse signal P 
produced by a pulse genrator 1 to obtain a single 
pulse light signal L13 of frequency fO + Af as a 
light signal for measuring the backscattered light 
L14. The single pulse light signal L13 is entered 
into the optical fiber 4 at the entering end thereof 
through an optical directional coupler 3. The bakc- 
scattered light L14 of frequency fO + Af, which 
comes rearward to the entering end of the optical 
fiber 4 as a result of the entering of the light signal 
L13 into the fiber, is combined with the separated 
light signal L12 in the light combiner 10. A com- 
bined light signal L15 thus generated by the com- 
biner 10 is subjected to the optical heterodyne 
detection in a optical receiver 5 so that a beat 
signal E0 of frequency Af is generated. The beat 
signal E0 is processed through a band-pass filter 
12 so that the beat signal is removed of back- 
ground noise light unnecessary for the meas ure- 
ment. The beat signal E0 is then subjected to 
detection by an envelope detector 16. The output 
from the detector 16 is subjected to averaging by 
an averaging circuit 6. The output from the averag- 



ing circuit 6 is indiacted. However, since the 
acousto-opticai modulator 9 is provided to perform 
the frequency modulation for the optical hetero- 
dyne detection, the insertion loss is increased to 

s about 10 dB. For that reason, the intensity of the 
measuring light signal L13 is lowered so that the 
intensity of the backscattered light L14 generated 
in the optical fiber 4 is also lowered. This is a 
problem. Besides, the acousto-opticai modulator 9 

w is very expensive.. Therefore, the cost of the equip- 
ment for the measurement is high. This is another 
problem. If the conventional method is applied to 
an optical communication system including an op- 
tical repeater which performs optical amplification, 

ts there is a problem that it is not easy to perform the 
automatic power control of the repeater, because 
the measuring light signal L13 has a pulse wave 
from. 

The present invention was made in order to 

20 solve the abovementioned problems. 

Accordingly, it is an object of the present in- 
vention to provide a method of less expensively 
measuring backscatered light without lowering the 
intensity of a measuring light signal. In the method, 

25 the measuring light signal from a light source is 
entered into an optical fiber at the entering end 
thereof so that the backscattered light is generated 
in the fiber. The backscattered light is taken out 
from the optical fiber at the entering end thereof 

30 and then measured. The method is characterized in 
that the measuring light signal oscillating continu- 
ously and subjected to frequency modulation at a 
predetermined period is entered into the optical 
fiber at the entering end thereof; the backscattered 

35 light generated in the fiber and the measuring light 
signal subjected to the frequency modulation are 
subjected to optical heterodyne detection; and a 
beat signal obtained through the detection is pro- 
cessed through a filter and then measured. 

40 It is another object of the present invention to 

provide a device for less expensively measuring 
the backscattered light without lowering the inten- 
sty of the measuring light signal. In the device, the 
measuring light signal from the light source is 

45 entered into the optical fiber at the entering end 
thereof so that the backscattered light is generated 
in the fiber. The bakcscattered light is taken out 
from the optical fiber at the entering end thereof 
and then measured. The device is characterized by 

50 comprising a pulse generation means for producing 
a pulse at the predetermined period; a frequency 
modulation means for performing the frequency 
modulation on the measuring light signal from the 
light source in accordance with the predetermined 

55 period; an optical combination means by which the 
backscattered light generated when the measuring 
light signal which is a continuous-wave signal sub- 
jected to the frequency modulation is transmitted in 
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the optical fiber is combined with the measuring 
light signal subjected to the frequency modulation; 
an optical heterodyne detection means for perform- 
ing the optical heterodyne detection on light gen- 
erated as a result of the combination; a filter for 
processing the beat signal obtained through the 
detection means; and an envelope detection means 
for taking out the envelope of a beat signal sent out 
from the filter. 

As for the method and the device, the measur- 
ing light signal oscillating continuously and sub- 
jected to the fre quency modulation at the pre- 
determined period is entered into the optical fiber 
at the entering end thereof so that the backscat- 
tered light is generated in the fiber. The backscat- 
tered light and the measuring light signal not sub- 
jected to the frequency modulation are subjected to 
the optical heterodyne detection. The beat signal 
obtained through the detection is processed 
through the filter. The latter beat signal sent out 
from the filter is measured. The backscattered light 
can thus be measured with a low optical transmis- 
sion loss, without affecting an optical repeater, as 
* the optical fiber is in service. 

If the repetition period T of the frequency mod- 
ulation is conditioned as T > 2l/v wherein I and v 
denote the length of the optical fiber and the speed 
of the transmission of the measuring light signal in 
the fiber, respectively, a frequency component 
whose frequency is f0-f1 wherein fO and ft denote 
the frequency of the measuring light signal not 
subjected to the frequency modulation, and that of 
the measuring light signal subjected to the fre- 
quency modulation, respectively, can be simply 
taken out from the former beat signal generated 
from both the measuring light signal not subjected 
to the frequency modulation and the measuring 
light signal subjected thereto. 

If the frequency of the latter beat signal is set 
at f0-f1 , the signal can simply be removed of noise 
light by a filter whose central frequency is fO-f 1 . 

If the frequency modulation means is for di- 
rectly modulating the oscillation frequency of the 
light source, the frequency modulation can be sim- 
ply performed. 

If the frequency modulation means is for modu- 
lating the oscillation frequency of the light source 
through the use of an external modulator, the accu- 
racy of the frequency in the frequency modulation 
can be made high. 

Since the backscattered light generated in the 
optical fiber for a coherent light communication 
system can thus be measured even if the fiber is in 
service, a very high effect can be produced by the 
present invention. 

The invention will now be more particularly 
described, by way of example, with reference to 
the accompanying drawings, in which: 



FIG. 1 is a block diagram of each of a 
method and a device which are provided in accor- 
dance with the present invention so as to measure 
backscattered light; 
5 FIGS. 2(a). 2(b), 2(c) and 2(d) are graphs 

showing the wave forms of signals at points a, b. c 
and d shown in FIG. 1; 

FIG. 3 is a block diagram of each of a 
conventional method and a conventional device, 
-70 which is of or for measuring backscattered light; 

FIGS. 4(a), 4(b), 4(c) and 4(d) are graphs 
showing the wave forms of signals at points a, b, c 
and d shown in FIG. 3; and 

FIG. 5 is a block diagram of each of another 
75 conventional method and another conventional de- 
vice, which is of or for measuring backscattered 
light. 

Embodiments of the present invention are 
hereafter described in detail with reference to 

20 FIGS. 1 and 2. One of the embodiments is a 
method of measuring backscattered light. The oth- 
er of the embodiments is a device for measuring 
the backscattered light Units equivalent to those 
described for the above-mentioned conventional 

25 methods are denoted by the same reference sym- 
bols as the latter and not described in detail, 
hereinafter. 

FIG. 1 shows a band-pass filter 12, a light 
source 13 such as a DFB laser unit, a frequency 
30 modulation circuit 14, an optical combiner 15, and 
an envelope detector 16. The light source 13 has a 
narrow spectrum width. The frequency modulation 
circuit 14 is for performing such frequency modula- 
tion as to make a predetermined optical frequency 
35 difference in the light source 13. The optical com- 
biner 15 functions so that measuring light signals 
LO and L1 emitted from the light source 13 are 
combined with backscattered light rays LOB and 
L1B generated in an optical fiber 4. The band-pass 
40 filter 12 processes a beat signal EO obtained 
through optical heterodyne detection by a optical 
receiver 5, and has an appropriate pass band 
whose central frequency is an electric intermediate 
frequency equal to a beat frequency and the pre- 
45 determined optical frequency difference fO-f 1 made 
by the frequency modulation circuit 14. The en- 
velope detector 16 performs envelope detection on 
a beat signal E1 obtained through the band-pass 
filter 12. A pulse signal P acts in the frequency 
50 modulation circuit 14 so that the output light signals 
L0 and L1 from the light source 13 have optical 
frequencies fO and f1 as shown in FIGS. 2(b1) and 
2(b2). The frequency modulation circuit 14 directly 
performs the frequency modulation on the light 
55 source 13, or performs the modulation through the 
use of an external mod ulator based on an elec- 
trochemical effect or the like, so that the light 
signals L0 and L1 oscillate with the predetermined 
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optical frequency difference fO-fi. The output light 
signal LO emitted from the light source 13 when the 
frequency modulation is not performed on the light 
source has the optical frequency fO. The other 
output light signal L1 emitted from the light source 
13 when the frequency modulation is performed on 
the light source through the use of the pulse signal 
P has the other optical frequency f1. The light 
signals LO and L1 different from each other in 
optical frequency because of the frequency modu- 
lation and generated at different time points are 
hereinafter referred to as the reference light signal 
LO and the frequency shifted light signal L1, re- 
spectively. 

The frequency modulation is performed 
through the use of the pulse signal P having a 
repetition period T and a pulse time width W and 
shown in FIG. 2(a), as well as the pulse signal P in 
the conventional method described above with ref- 
erence to FIG. 3. For that reason, the modulation 
light signal L1 is emitted from the light source 13 
for a modulation period W. The non-modulation 
light signal LO is emitted from the light source 13 
for a seference period T-W. The emission of the 
seference light signal LO from the light source 13 is 
kept while the frequency shifted light signal L1 
serving as a measuring light signal for generating 
the backscattered light to be measured is being 
transmitted in the optical fiber 4 for a period of 
21/v wherein i and v denote the length of the fiber 
and the speed of the transmission, respectively. 
Each of the seference signal LO and the furquency 
shifted signal L1 is divided by an optically directive 
coupler 3 so that a divided portion of each of the 
signals is entered as a measuring light signal into 
the optical fiber 4 and the other divided portion of 
each of the signals is entered, as a local oscillation 
light signal for the optical heterodyne detection, 
into the optical combiner 15. The refrence light 
signaJ LO and the frequency shifted light signal Li 
entered into the fiber 4 act to generate the back- 
scattered light rays LOB and L1B in the fiber, 
respectively. The backscattered light rays LOB and 
L1B are taken out from the optical fiber 4 by the 
optically directive coupler 3, applied to the optical 
combiner 1 5, and combined with the reference light 
signal LO entered as the local oscillation light signal 
into the combiner. A combined light signal L5 ob- 
tained from the combiner 15 as a result of the 
combination is subjected to the optical heterodyne 
detection based on the square-law detection char- 
acteristic of the light receiver 5, so that the beat 
signal EO corresponding to the frequency differ- 
ence f0-f1 is obtained. 

Since the output light from the light source 13 
is continuous light, the frequency shifted light sig- 
nal L1 is a local oscillation light signal and the 
reference light signal LO is a measuring light signal 
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in a case. In that case, however, an averaging 
circuit 6 does not perform averaging, synchronous- 
ly with the wave form of the pulse signal P from a 
pulse generator 1 , so that the . averaging circuit 

5 sends out no output signal to a display circuit 7. As 
a result, a frequency component f0-f1 of the beat 
signal EO generated from both the backscattered 
light rays L1 B based on the frequency shifted light 
signal L1 and the reference light signal LO serving 

io as the local oscillation fight signal is extracted as 
the beat signal E1 by the band-pass filter 12, and 
then subjected to the envelope detection by the 
envelope detector 16 as shown in FIG. 2(d). The 
change in the intensity of the output signal from the 

75 detector 16 with the lapse of the time is observed 
so that the change is indicated by the display 
circuit 7. Also in the case that not only the back- 
scattered light rays but also background noise light 
are applied to the optical combiner 15, only the 

20 frequency component f0-f1 of the beqat signal EO 
is extracted as the desired beat signal E1 by the 
band-pass filter 12. The noise light can thus be 
easily separated to measure the backscattered light 
in a desired manner. 

25 Although light sources different from each oth- 

er in oscillation wavelength may be used to obtain 
the beat signal E1, the light sources need to be 
controlled to always keep the frequency compo- 
nent f0-f1 of the beat signal EO at a constant 

so frequency despite external conditions such as tem- 
perature. Since only one light source 13 is used in 
the embodiments of the present invention, an auto- 
matic frequency control circuit is not required. 
Since the continuous light subjected to the fre- 

35 quency modulation is used as the measuring light 
signal in the embodiments, the present invention 
can be applied for a practical use without affecting 
automatic power control for the gain control of an 
optical amplifier. 

40 

Claims 

1. A method of measuring backscattered light, 
45 in which a measuring light signal from a light 
source is entered into an optical fiber at the enter- 
ing end thereof so that said backscattered light is 
generated in said fiber; and said backscattered 
light is taken out from said fiber at said entering 
so end and then measured, characterized in that said 
measuring light signal oscillating continuously and 
subjected to frequency modulation at a predeter- 
mined period is entered into said fiber at said 
entering end; said backscattered light generated in 
55 said fiber and said light signal subjected to said 
modulation are subjected to optical heterodyne de- 
tection; and a beat signal obtained through said 
detection is processed through a filter and then 
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measured. 

2. A device for measuring backscattered light 
in which a measuring light signal from a light 
source is entered into an optical fiber at the enter- 
ing end thereof so that said bakcscattered light is 5 
generated in said fiber, and said backscattered 
light is taken out from said fiber at said entering 
end and then measured, characterized by compris- 
ing a pulse generation means for producing a pulse 
at a predetermined period; a frequency modulation io 
means for performing frequency modulation on 
said measuring light signal from said light source in 
accordance with said period; an optical combina- 
tion means by which said backscattered light gen- 
erated because sad measuring light signal which is 75 
a continuouswave signal subjected to said modula- 
tion is transmitted in said fiber is combined with 
said measuring light signal subjected to said modu- 
lation; an optical heterodyne detection means for 
performing optica! heterodyne detection on light 20 
generated as a result of said combination; a filter 
for processing a beat signal obtained through said 
detection means; and an envelope detection means 
for taking out the envelope of a beat signal sent out 
from said filter. 25 

3. A device according to the claim 2, character- 
ized in that the period T of the frequency modula- 
tion is conditioned as T > 2Uv wherein t and v 
denote the length of the optical fiber and the speed 

of the transmission of the measuring light signal in 30 
said fiber, respectively. 

4. A device according to the claim 2, character- 
ized in that the frequency of the beat signal pro- 
cessed through the filter is f0-f1 wherein fO and f1 
denote the frequency of the measuring light signal 35 
not subjected to the frequency modulation, and that 

of said measuring light signal subjected to said 
modulation, respectively. 

5. A device according to the claim 2, character- 
ized in that the frequency modulation means is for 40 
directly modulating the frequency of the light 
source. 

6. A device according to the claim 2, character- 
ized in that the frequency modulation means is for 
modulating the oscillation frequency of the light 45 
source through the use of an external modulator. 
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© Device for measuring backscattered light L1B 
comprises a pulse generator 1 for producing a pulse 
P at a predeteremined period T; a frequency modu- 
lation circuit 14 for performing frequency modulation 
on a measuring light signal L1 from a light source 1 3 
in accordance with the predetermined period; an 
optical combiner 15 by which the backscattered light 
L1B generated when the measuring light signal L1 
which is a continuouswave signal subjected to the 
frequency modulation is transmitted in an optical 
fiber 4 is combined with the measuring light signal 
L1 subjected to the frequency modulation; an optical 
receiver 5 for performing an optical heterodyne de- 
tection on light L5 generated as a result of the 
combination; a band pass filter 12 for processing a 



beat signal E0 obtained through the detection 
means; and an envelope detector 16 for taking out 
the envelope of the beat signal E1 sent out for the 
filter 12. 

In method of measuring the backscattered light 
L1B, the measuring light signal L1 oscillating con- 
tinuously and subjected to the frequency modulation 
at the predeteremined period T is entered into the 
optical fiber 4 at the entering end thereof; the back- 
scattered light L1 B generated in the fiber 4 and the 
measuring light signal L1 subjected to the frequency 
modulation are subjected to the optical heterodyne 
detection; and the beat signal E0 obtained through 
the detection is processed through the filter 12 and 
then measured. 
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